ABSTRACT
At present there is perhaps no subject more fashionable than problems associated with nanotechnologies. This also applies to polymer chemistry, namely to the development of the principles of production of polymer nanocomposites.
One of the classes of nanocomposites comprises organomodifi ed layered silicates, which over the past 20 years have attracted the constant attention of scientists. The main reason for the interest in the introduction of nanosized layered silicates into polymers is the prospect of a considerable improvement in the service properties of polymer composites with relatively low fi lling (1-5 wt%). This paper presents the results of tests of bentonites from different fi elds located on the territory of the former Soviet Union and treated with different modifi ers in aliphatic PA-6.
MATERIALS INVESTIGATED
Polyamide-6 of grade 210/310, produced by the Shchekinoazot United Chemical Company, with a relative viscosity of 2.6.
The main rock-forming mineral of Izhdevan and DashSalakhlin bentonites is montmorillonite, besides which the clay also contains coarsely dispersed impurities such as quartz, cristobalite, tridymite, and so on. In their natural state, the montmorillonites from the two fi elds are mainly sodium montmorillonites (this type is preferable; in particular it is more highly dispersed, and it reacts better and more completely with organic modifi ers). Here, bentonite of the Izhdevan fi eld is noted for a higher content of the sodium form of montmorillonite. Specimens 1 to 3 were prepared and treated under laboratory conditions. Final drying of the treated bentonite was carried out by fl uidized-bed drying. 45-55%
To prevent thermal degradation of the polymer in the course of processing, use was made of the traditional stabilisation system of phenol/phosphite Irganox B1171 (Ciba) in a quantity of 0.3 wt.%. The polymer, fi ller, and stabiliser were premixed and fed by belt-conveyer feeder into the fi rst zone of the extruder. Before compounding, the PA-6 was dried to a constant moisture content of 0.1-0.2 wt%. To improve the quality of mixing of the polymer and fi ller, the composites were extruded twice each.
In the experiment, to avoid the effect of the processing conditions on the properties of PA-6, the initial PA-6 with the addition of 0.3% Irganox B1171 was extruded under the same conditions as the composites with fi llers. The material obtained was used as the reference specimen.
The physicomechanical properties of the materials obtained were assessed according to the GOST standards (see Table 2 ). Table 3 gives the physicomechanical characteristics of the initial PA-6 and the extruded PA-6.
The conducted experiment showed that, as a result of the extrusion of PA-6 with additions of antioxidants, there is a certain increase in the physicomechanical properties, in particular in the elastic modulus in bend and in the bending stress under maximum load (by 1.5 and 13% respectively), and also in the defl ection temperature under a load of 1.8 MPa (which increased by 14%). An important fact is the reduction in spread of the tensile strength and elongation at break values. We believe that, to assess the effect of organobentonites on PA-6, it is necessary to select as the base specimen not the initial PA-6 but the PA-6 extruded with additions of antioxidants. Table 4 gives the results of assessing the physicomechanical properties for stabilised aliphatic PA-6 with additions of organobentonites. Also, for comparison, the properties of a composite of PA-6 with 3 wt% fi nely dispersed talc are given.
From the data presented it can be seen that the introduction of all three specimens of organobentonite (specimens 1, 2, and 3) leads to a fairly considerable increase in the elastic modulus and in the bending stress under maximum load of the obtained polymer composites, i.e. the material becomes more rigid. A certain increase in the tensile strength values is also observed. An interesting fact is that, with increase in rigidity, the elasticity of polymer composites with organobentonites remains at a high level -there is a slight reduction in the elongation at break, but the material does not become brittle (the unnotched Charpy impact strength does not decrease). It must also be pointed out that a positive effect of organobentonites is an increase in the heat resistance of polymer composites -the defl ection temperature under load.
According to scientifi c and technical data [1], the addition of nucleating agents also has a positive infl uence on the combination of physicomechanical properties, namely on the elastic modulus. The most preferable nucleator from the viewpoint of effectiveness and cost is fi nely dispersed talc. In connection with this, it is of interest to compare the effect of fi nely dispersed talc and organobentonites on the properties of PA-6.
From the data given in Table 4 it can be seen that, when 3% fi nely dispersed talc is introduced, as in the case of organobentonites, there is an increase in the elastic modulus in bend, in the bending stress under maximum load, and in the defl ection temperature under load. Increase in these properties can be attributed to the nucleating action of talc on PA-6. The main difference in the action of talc from that of organobentonites is that, when it is introduced, there is a considerable reduction in unnotched Charpy impact strength and no increase in the strength properties of polymer composites.
From the literature it is known that polymer composites based on layered silicates are customarily divided into three main types, depending on the nature of the initial components and the conditions and method of synthesis [2] . The fi rst type is the traditional microcomposite in which the particles retain their initial size (a few micrometres). Such a composite is produced provided the polymer does not penetrate between layers of the silicate. The second type, material with an intercalated structure, is formed if the polymer penetrates into the interlayer space. In the second case there is an increase in the interlayer distance, but the ordered layered structure is retained. The third type is an exfoliated nanocomposite in which separation of the silicate into individual layers with a thickness of the order of 1 nm and their dispersion in the polymer matrix occur. The three types of 'polymer-layered silicate' structure are presented schematically in Figure 1 . Accordingly, depending on the type of structure formed, the polymer composite obtained is characterised by a certain level of properties. Increase in the level of properties of polymer composites by more than a factor of 1.5-2 by comparison with polymers without additives of nanoparticles is achieved only in the case of the production of an intercalated or exfoliated structure.
An analysis of the results obtained indicates that the introduction of organobentonites leads to a more signifi cant increase in the physicomechanical properties than in the case of simple nucleation. The fact that the introduction of organobentonites does not lead to a reduction in the unnotched Charpy impact strength (i.e. the material does not become more brittle), and at the same time there is a certain increase in the strength properties, gives us grounds for assuming the occurrence of a certain interaction between the polymer and the fi ller, which may indicate the formation of an intercalated structure of the polymer composite.
On the other hand, the observed increase in the physicomechanical properties is not so signifi cant as to indicate the achievement of the most ideal structure of the composite material with entirely exfoliated fi ller particles. Achieving this effect is undoubtedly quite complex. Most likely, the given problem must be solved by further modifi cation of the nanofi ller itself (the search for more selective modifi er surfactants), by modifi cation of the polymer itself (improvement in the interaction between the fi ller and the polymer matrix), and by optimisation of the production parameters of the composite material, promoting a better distribution of fi ller in the polymer matrix.
